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® Liquid crystal display device and color filter for use with the liquid crystal display device and 
method of making the color filter. 



A color filter for use with a liquid crystal display 
is disclosed. The color filter has colored layers (4, 
42, 72) printed on a transparent substrate (2, 32a. 
62a) and first and second resin layers (3a, 3b, 44, 
46, 74, 76) coated on the colored layers. 
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Liquid crystal display device and color filter for use with the liquid crystal display device and method 

of making the color filter 



The present invention relates to a liquid crystal 
display device, more particularfy, . it relates to a 
color filter for use with the liquid crystal display 
device and a method of making the color filter. 

The liquid crystal display device has been s 
widely used these days as a display suitable for 
use with televisions, office automation machines 
and the like. This is because power consumed by 
the liquid crystal display device is small and be- 
cause the device is light in weight and thin in it 
thickness. It is. however, needed that the (icuid 
crystal display device having these merits can be 
made larger in size and display images of higher 
quality in colors. This causes big attention to be 
paid to the color filter for use with the liquid crystal is 
display device. 

The color filter for use with the liquid crystal 
display device was conventionally made according 
to the dyeing method in which the lithography 
technique was employed. This dyeing method in- 20 
dudes many lithography steps, thereby causing 
the cost of manufacturing the liquid crystal display 
device to be made high. This causes costs of 
machines each having the liquid crystal display 
device to be made higher. 25 

Therefore, the print process by which the liquid 
crystal display device can be manufactured at a 
lower cost than by the dyeing method attracted 
attention. According to the print process, the color 
filter and the like are made by printing manner. Jn 30 
the case of the color filter made according to the 
print process, hov/ever. foreign matters such as 
dust are likely to enter into the filter and the sur- 
face of the color filter is likely to be undulated. 
When the surface cf the color fitter is heavily 35 
undulated, it becomes difficult to form the transpar- 
ent electrode or orientation film on the color filter. 
This causes the quality of display to become low. 
The color filter made according to the print process 
was low in cost but not suitable for practical uses. 4o 

Preliminarily-opened Japanese Patent Applica- 
tions Sho 61-3122 and -3123 disclose a method of 
making the color filter to eliminate the above-men- 
tioned drawbacks. According to this method, sur- 
faces of colored layers formed by the print process 45 
can be polished flat to provide the color filter 
without giving any Influence to the transparent con- 
ductive film and the like. More specifically, the 
method of making the liquid crystal color display 
element comprises printing opaque portions on the 50 
surface of a substrate at a certain interval, printing 
colored layers between the opaque portions and 
polishing the colored layers flat. 

According to the method disclosed, the sur- 



faces of the colored layers can be pciished flat 
even when the colored layers have unevenness on 
the surfaces thereof after they are formed, to there- 
by make a color filter suitable for use with the 
liquid crystal display device. 

Usually, the colored layers of the color filter are 
made of organic resin including pigment or dye 
therein and baked at a certain temperature. These 
colored layers are soft beca'use they are made of 
resin, and they are a thin film having a thickness of 
several microns. The technique of directly abrading 
these colored layers flat becomes more difficult as 
the size of the substrate on which the colored 
layers are fonned becomes larger. This is because 
the color layers are likely to be peeled off from the 
base when they are directly polished. It was there- 
fore impossible to produce the color filter on a 
mass scale and at a low cost. 

The object of the present invention is to pro- 
vide a liquid crystal display device having a color 
filter can be polished to have flat surfaces and 
which can be produced on a mass scale. The 
object of the present invention is also to provide 
the color filter and a method of manufacturing the 
color filter. 

A liquid crystal display device according to the 
present invention comprises a first substrate com- 
prising a color filter having a transparent colored 
layer and plural resin layers laminated on the col- 
ored layer, a first electrode, and a transparent 
substrate, and the filter and the electrode are pro- 
vided on the transparent substrate, a second sub- 
strate having a second electrode, a liquid crystal 
component sandwiched between the first and sec- 
ond substrate, means for supplying the predeter- 
mined voltage to the first and second electrodes. 

A color filter according to the present invention 
comprises a transparent substrate, a transparent 
color layer arranged on the transparent substrate, 
and first and second resin layers laminated on the 
color layer in order. 

A method of manufacturing the color filter ac- 
cording to the present invention comprises steps of 
forming a transparent color layer on a transparent 
substrate by printing, and forming plural resin lay- 
ers on the color layer. 

According to the present invention, even the 
colored layers are formed by the print process, the 
surface of the color filter can be flat, thereby' en- 
abling the color filter to be .produced on a mass 
scale and at a lower cost. 

As mentioned above, two organic resin layers 
are formed on the colored layers. The colored 
layers formed by use of the print process have 
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rough surfaces, but since they are overlaid with the 
organic resin layers, the surface of the color filter is 
not much undulated. Therefore, an ITO (indium tin 
oxide) film serving as an electrode can be ac- 
curately arranged on the resin layers. It should be ^5 
noted that the organic resin layers are easier to 
form than an inorganic layer and do not require a 
high manufacturing cost. It should be also noted 
that the inorganic layer has to be subjected to 
high-temperature heat treatment during the manu- io 
facturing process, with the result that it is very 
likely that the color filter comprising the inorganic 
layer will be adversely affected in quality. Such 
high-temperature heat treatment is not necessary 
In the manufacture of the organic resin layers. 75 
Moreover, the organic resin layers are made up of 
two layers, one of which has good adhesion to a 
color filter, and the other of which enables an ITO 
film to be reliably formed thereon. 

That is, as mentioned above, in view of the 20 
characteristics of the color portions, it is very dif- 
ficult to directly work the color filters of several 
micron thickness on a large-sized substrate. That 
is, the surface of the colored layers may be ren- 
dered rough v/hen the colored layers are worked. 25 
In the present invention, therefore, a material which 
is hard to work is formed on the colored layers as 
a first layer, and the substrate is worked through 
the use of the first layer. The experiments con- 
ducted by the inventors showed that polishing was 30 
most desirable among various working methods, 
and that the first layer should be harder to work 
than at least the colored layers. 

If lapping is performed, the surface of the col- 
ored layers can be made smooth and specular. 3S 
However, lapping is not suitable for working a color ; 
filter for use in a large-screen liquid crystal display 
device. If lapping is performed for working the color 
filter, the end portions of that color filter are worked 
unevenly, so that the thickness of the color filtsr 40 
will not be uniform. If polishing is performed, in 
contrast, the surface of the colored layers is 
worked with the hairs or fibers of a brush 
(abrasives may be used, if desired). Although the 
surface of the colored layers cannot be made 45 
specular completely by polishing, it is uniformly 
worked and such protruding portions as would ad- 
versely affect the arrangement of an orientation film 
are removed from the colored layers. For this rea- 
son, polishing is most desirable in the case of the so 
present invention. 

The "polishing characteristic" referred to in this 
specification is not represented merely by the 
Brinell hardness, Rockwell hardness, or the like, 
but includes other factors, such as a tensile ss 
strength and an elastic modulus. In other words, 
the polishing characteristic is determined by the 
length of time required for a certain material to be 



polished into a predetermined condition. Therefore, 
if a material has a low ami-polishing characteristic, 
it is easily abraded, if the colored layers are cov- 
ered with a material having a lew anti-polishing 
characteristic, the polishing will be difficult to con- 
trol, just as in the case where colored layers having 
a low anti-polishing characteristic are directly pol- 
ished. If the colored layers are covered with a 
material having a high anti-polishing characteristic, 
the time required for the polishing will be long, 
resulting in a decrease in the manufacturing effi- 
ciency. 

As may be understood from the above, a m.a- 
terial with which to cover the colored layers should 
have an anti-polishing characteristic higher than 
that of the colored layers. Preferably, the anti- 
polishing characteristic of the material is ecuai to, 
or higher than, that of blue plate glass. Examples of 
a material which has an antl-pclishing characteristic 
higher than that of the colored layers and which is 
suitable for use as a color filter of a liquid crystal 
display device are epoxy resin, polyimide resin, 
polyamide resin, silicone resin, or a mixture of 
these kinds of resin. After coated, such resins are 
pre-hardened to a predetermined extent. After sub- 
jected to polishing, the resins are fully hardened. 
Thus, the resins are easy to polish. 

The second layer is formed over the first layer. 
If the first layer is thin, the color portions are also 
polished when the first layer is polished. Con- 
versely, if the first layer is thick, the colored layers 
are not polished when the first layer is polished. 

It is desirable that a colored layer constituting ■ 
part of a color filter be manufactured in a clean 
room which is kept as clean as possible. If not, 
dust particles having various sizes will be included 
in the colored layer. If the dust particles are large, 
they may adversely affect both the pixels of the 
color filter and the gap of the liquid crystal cell. 
Therefore, in order to improve the manufacturing 
yield, such dust particles should be eliminated. 

When the thin first layer is polished, its pro- 
truding portions are abraded well, due to the inclu- 
sion of dust. If the polishing is further continued, 
the colored layers located below the first layer are 
exposed since the first layer is thin. Since the 
colored layers have an anti-polishing characteristic 
lower than that of the first layer, they are abraded 
more than the first layer. If a dust particle exists 
under a protruding portion of the exposed colored 
layers, it is removed as a result of the polishing, 
thus leaving a depressiori ponion in the colored 
layers. Since the second layer is formed on the 
first layer and on the exposed colored layers, the 
depression portion formed after the removal of the 
dust particle is filled with the second layer. As a 
result, the surface of the color filter is flattened. In 
this manner, the present invention enables color 
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filters to be manufactured at a low cost and with no 
need for a very clean room. 

If the first layer is thick, the colored layers are 
not abraded. In this case, dust panicles in the 
colored layers are not removed, and thus no de- 
pression portion is formed. However, the first layer 
is uniformly abraded since the colored layers are 
not abraded. As a result, a color filter having a 
smoother surface is obtained. 

If the material with which to cover the colored 
layers is not firmly adhered to the colored layers, it 
may peel or separate from the colored layers. This 
problem can be solved by providing a double- 
layered coating on the colored layers. More specifi- 
cally, the first layer which can be firmly adhered to 
the colored layers is formed on the color layers, 
and then the second layer having an anti-pollshing 
characteristic higher than that of the colored layers 
is formed on the first layer. In general, a material 
having good wettability provides reliable adhesion 
m consideration of this fact, the material of an 
adhesive layer to be used in the present invention 
IS chosen as follows. First of all. a smooth-surface 
film is formed on a colored layer by use of the 
same resin as colored layers and a layer coated on 
the colored layers. Thereafter, a solution with which 
to formed the adhesive layer is dropped onto the 
colored layer. The contact angle between the 
dropped solution and the smooth-surface film and 
the rate of expansion of the dropped solution on 
the smooth-surface film are measured, to thereby 
judge the wettability. After examining the wettability 
with respect to various materials, it was found out 
that acrylate resin, alkyd resin, polyamide resin 
etc. were suitable for use as the material of the 
adhesive layer. This adhesive layer should be as 
thin as possible, so as to prevent inclusion of air. 

The second layer having a high anti'-polishing 
characteristic is formed over the first layer, and is 
abraded by polishing. The first layer does not peel 
orr the colored layers since it orovides reliable 
adhesion to the colored layers, while the second 
layer is uniformly abraded since it has a high anti- 
pohshing characteristic. As a result, a color filter 
naving a smooth surface can be obtained. 

If desired, a third layer may be formed over the 
polished second layer. This third layer is formed of 
a material which permits an ITO film to be reliably 
Termed thereon. If the ITO film is reliably formed on 
the third layer, color filters can be manufactured on 
a larger scale. 

This Invention can be more fully understood 
from the following detailed description when taken 
m conjunction with the accompanying drawings in 
which: ^ ' 

Fig. 1 is a sectional view of a liquid crystal 
display . device according to the first embodiment of 
the present invention; 



Figs. 2A to 2F are sectional views for illus- 
trating the manufacturing process of the color fitter 
of the liquid crystal display device of the first 
embodiment; 

^ 3 is a sectional view of a liquid crystal 

display device according to the second embcdi- 
ment of the present invention; 

Figs. 4A to 4F are sectional views for illus- 
trating the manufacturing process of the color filter 
fo of the liquid crystal display device of the second 
embodiment; 

Fig. 5 is a sectional view of a liquid crystal 
display device according to^a modification of the 
second embodiment; 

f^'S- 6 is a sectional view of a liouid crystal 
display device according to the third embodiment 
of the present invention; and 

Figs. 7A to 7F are sectional views for illus- 
trating the manufacturing process of the color filter 
20 of the liquid crystal display device of the third 
embodiment. 

Embodiments of the present invention will now 
be described, with reference to the accompanying 
drawings. 

^'9- 1 shows the first embodiment of the 
present invention. The first embodiment provides 
an active-matrix type liquid crystal display device 
which employs MIM (i.e.. metal insulator metal) 
elements as non-linear elements. 
JO First substrate 1 comprises transoarent sub- 

strate 2, and light-shielding film 14 and colored 
layers 4 (i.e.. color filters) both formed on transpar- 
ent substrate 2. Overcoat layer 3 is formed over 
first substrate 1. An ITO film is formed, by sputter- 
35 . ing, on overcoat layer 3 such that the ITO film has 
a thickness in the range of 0.2 to 0,4 urn 
(preferably, a thickness of 0.25 urn). The ITO film 
rs processed by photolithography into a stripe pat- 
tern corresponding to color layers 3. thereby for- 
40 ming transparent electrodes 5. Orientation film 7 is 
formed on transparent eiactrodes 5. 

Second substrate 6 comprises transparent sub- 
strate 8. transparent pixel electrodes 12 arranged 
on substrate 8 in a matrix pattern, and wiring layer 
43 10 located between pixel electrodes 12 and ex- 
tending perpendicular to electrodes 5 of first sub- 
strate 1. Pixel electrodes 12 and wiring layers 10 
are electrically connected together by MIM ele- 
ments (not shown). Orientaticn film 13 is formed on 
50 the MIM elements. 

First and second substrates 1 and 6 are ar- 
ranged such that electrodes 5 and pixel electrodes 
12 face each other. Liquid crystal layer 16, in which 
liquid crystal molecules are 90 ' twisted in succes- 
55 sion between orientation layers 7 and 13, is located 
between electrodes 5 and pixel electrodes 12 Po- 
larization plates 18 and 20 are arranged on the 
outer faces of first and second substrates 1 and 6 
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respectively, thereby providing a twisted nerr.atic 
type liquid crystal display device. 

Referring to Figs. 2A to 2F,.it will be described 
how the first of the color filter is made. 

As shown in Fig. 2A, photosensitive dyeing »• s 
material 22, O.B to 1.2 um thick, is coated on 
transparent substrate 2 made of glass. A mask (not 
shown) is placed on photosensitive dyeing material 
22 and ultraviolet rays are shot onto photosensitive 
dyeing material 22 through the mask. Latent im- iq 
ages 24 are thus formed in photosensitive dyeing 
material 22 due to the cross-linking reaction of the 
material, as shown in Fig. 2B. Photosensitive dye- 
ing material 22 Is developed to form resin film 28. 
which has openings 26 formed according to a is 
cenain rule, as shown in Fig. 2C. Resin film 28 is 
hardened by baking and then dye-treated by acetic 
acid water, Black 1 81 (made by Nippon Kayaku), to 
form light-shielding film 1 4, as shown In Fig. 2D. As 
compared with resin film 28. the thickness cf light- 20 
shielding film 14 increases to a greater extent of 
1.5 um because fiim 14 absorbs dye. Ught-shield- 
Ing film 14 is fixation-treated in a solution which 
includes tannic acid and emetic tartari. Colored 
layer 4 of red (R), green (G) and blue (B) are 25 
formed in openings 26 by printing resin inks having 
each other pigment, as shown in Fig. 2E. Colored 
layer 4 are fixed by baking. A surface of colored 
layer 4 thus formed is uneven, having a height of 
about 2 iim. In Fig. 2F. first resin layer 3a is ao 
formed, 1.0 to 2.5 um. more preferably 1.5 um 
thick, by acryl resin which includes a solvent of 
cellosolvB acetate in manner of spin coating. First 
resin layer 3a is heated at 90 to 120* C for several 
or ten and several minutes to evaporate a part of 35 
its solvent and thus hardened. Second resin layer i 
3b is formed. 1.5 to 3.0 um, more preferably 2.0 
um thick, on first resin layer 3a. which is a resin of 
the acryl group, by epoxy resin which includes the 
solvent of ceNosolve acetate in manner of spin 40 
coating. First and second resin layers 3a and 3b 
form overcoat layer 3. Second resin layer 3b is 
then heated at 180'C for 100 minutes and thus 
hardened completely. 

According to this first embodiment of the 45 
present invention, first resin layer 3a of overcoat 
layer 3 Is made of a resin of the acryl group which 
is excellent in wetting with the color filter of resin 
ink, while second resin layer 3b of overcoat layer 3 
is made of epoxy resin which can be stable in so 
forming ITO film. When ITO electrodes are formed, 
therefore, the occurrence of fine wrinkles and grain- 
like faults can be prevented on and in overcoat 
layer 3. The surface of overcoat layer 3 is a little 
undulated, but 0.5 um or less is counted from the 55 
top of this undulation to the bottom thereof even 
when colored layer 4 is concaved and convexed to 
have a distance of 4 um between its concaved and 



convexed points. It is preferable that the first resin 
layer is made thin and that the second resin layer 
is made thick, because the first resin layer is more 
heavily concaved and convexed. 

As the first and second resin layers is made of 
organic resin, the color filter having the inorganic 
compound of overcoat layer can be manufactured 
on a higher productivity and at a lov/ cost. It should 
be also noted that the inorganic layer has to be 
subjected to high-temperature hea: treatment dur- 
ing the manufacturing process, v/ith the result that 
it is very likely that the coicr filter comprising the 
inorganic layer will be adversely affected In quality. 
Such high-temperature heat treatment is not neces- 
sary In the manufacturing of the organic resin layer. 

Fig. 3 shows the second embodiment of the 
present invention. The second embodiment pro- 
vides an active-matrix type liquid crystal display 
device which employs TFT (i.e., thin film transistor) 
elements as switching elements. 

According to the second embodiment, a color 
fitter made up of light-shielding fiim 48 and colored 
layer 42 is form.ed on transparent substrate 32a. 
First layer 44, second layer 46, transparent elec- 
trode 40, and orientation fiim 38a are formed on 
the color filter in the order mentioned. 

Signal line 33 and a gate line (not shown) are 
formed on transparent substrate 32b such that they 
are perpendicular to each other. Pixel electrode 36 
is provided at the intersection between signal line 
33 and the gate line through a TFT element (not 
Shown). Orientation film 38b is formed on the resul- 
tant structure. 

A pair of substrates 32a end 32b are arranged 
such that the electrodes and pixel electrodes 36 
face each other. Liquid crystal layer 34, in which 
liquid crystal molecules are 90* twisted in succes- 
sion between orientation layers 38a and 3ab. is 
located between the electrodes and pixel elec- 
trodes 36. Poia.'ization plates 31a and 31b are 
arranged on the outer faces of substrates 32a and 
32b. respectively, thereby providing a twisted 
nematic type liquid crystal display device. 

Light-shielding black films 48 are formed on 
that side of transparent substrate 32a, which faces 
liquid crystal layer 34. to enhance the contrast of 
display and protect the thin film transistor. Red. 
green and blue colored layers 42a. 42b and 42c 
are formed between light-shielding black films 48. 
First layer 44 which is made of epoxy resin includ- 
ing cellosolve acetate is formed on surfaces of 
colored layers 42a, 42b and 42c. The surface of 
first layer 44 is polished to expose a part of colored 
layers 42a, 42b and 42c. 

Photosensitive dyeing material 48 is coated. 
1 .0 um thick, on transparent substrate 32a. A mask 
is placed on photosensitive dyeing material 48 
through the mask, and latent images 50 are formed 
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at a certain interval on transparent substrate 32a 
due to the cross-iinking reaction of material 48. as 
shown in rig. 4A. 

Photosensitive dyeing material 48 is removed, 
leaving latent images 50 on transparent substrate 
32a. Latent images 50 are then baked and dyed by 
a black paint or Black 181 (made by Nippon 
Kayaku). They are lurther fixation-treated by a solu- 
tion which includes tannic acid and emetic tartari. 
and light-shielding films 52 are formed as shov/n in 
Fig. 4B- 

As shown in Fig. 4C. resin including red, green 
and blue pigments is attached between light-shield- 
ing fiims 52 according to the print process and 
then baked to form colored layers 42a, 42b and 
42c. In order to enable commonly-used alkyd resin 
in a printing Ink to have a desirable spectral char- 
acteristic, plural pigments are mixed in aikyd resin 
at a rate of about 10 to 20%. Each of the colored 
layers thus formed has an undulation of about 2.0 
to 5.0 iim. 

As shown in Fig. 4D. epoxy resin which in- 
ciudes ex. methyl celtosolve acetate having a solid 
part of 40% is coated, 1.0 urn thick, on colored 
layers 42a. 42b. 42c and light-shielding films 52 
according to the spin coating manner. Epoxy resin 
is temporarily-hardened at 100' C for ten minutes. 
Epoxy resin is not completely but temporarily har- 
dened to make its grinding easy at the later pro- 
cess. 

Cerium oxide (CeO) powder {having a diameter 
of 0.8 to 1 .5 um made by Mitsui Kinzoku) is used 
as abrasive and grinding relative to the epoxy resin 
is carried out under a pressure of 30 g/cm^ for 15 
minutes. The grinding or polishing technique here 
employed is intended to polish even a large area 
with little unevenness. When the epoxy resin is 
polished as described above, protruding portions of 
first layer 44 which are high in anti-abrasion are 
well polished to gradually become flat. First layer 
44 is partly removed and the color layers are partly 
exposed. Colored layers 42a, 42b, and 42c are 
lower in anti-abrasion, as compared with first layer 
44. They are therefore polished at a higher speed 
than first layer 44 is. The speed at which first layer 
44 having protruding portions is polished can be 
thus made faster. The first layer and the colored 
layers are thus polished to form a fiat surface, as 
shov/n in Fig. 4E. 

Let it be assumed that foreign matter, such as 
a dust particle 39. enters the interior of colored 
layers 42a. 42b, and 42c, and that first layer 44 has 
a protruding portion caused by inclusion of the 
foreign matter. In this case, the colored layer lo- 
cated under the protruding portion of first layer 44 
is exposed when first layer 44 is polished. At this 
time, the foreign matter is removed, leaving a de- 
pression portion 41 in the colored layer. 



After first layer 44 is flatted, epoxy resin which 
is excellent in wetting property with first layer 44 is 
coated 3.0 tim thick, on first layer 44 according to 
the spin coating manner to form second layer 46 

5 »" on first layer 44, as shown in Fig. 4F. The depres- 
sion portion is covered with second layer 43. 

Then, first and second layer 44 and 46 are 
baked, so first and second layer 44 and 46 are 
com.pietely hardened. 

10 After the above-described polishing, repeated 

coating, and baking process, ITO is attached, 200 
angstroms thick, to the surface of color filter 42 
according to the sputtering manner. Transparent, 
electrode 40 is thus formed. 

IS In the case of this color filter, the above-de- 

scribed manner enables .the color filter to have a 
flat surface even if surfaces of colored layers 42a. 
42b and 42c formed according to the print process 
are not so even. Further, the color filter is formed 

20 according to the print process and the like. This 
enables the cost of the color filter to be made 
sufficiently low. Even when transparent electrode 
40 is arranged on the color fitter and orientation 
film 38 then on tra.nsparent electrode 40. these 

25 transparent elec:rode 40 and orientation film 38 can 
be formed to have flatter surfaces. This enables 
liquid crystal layer 34 to be made operative at the 
whole of it and when liquid crystal layer 34 is 
employed, therefore, the liquid crystal display de- 

30 vice can display images of higher quality. Further- 
more, when first layer 44 is a thin film as described 
above, a no-modulated light is not passing through 
and transparent through the color filter is not mixed 
with other colors as one looks askance at the 
• 35 ' display device. This enables the display device to 
have a wider coverage angle and a higher contrast. 

Although photosensitive dyeing material 48 has 
bee coated 1.0 am thick, it is not limited to this 
thickness and when its thickness is in a range of 

40 0.8 - 1.2 um, sufficient light shielding effect can be 
achieved. Although the surface of the color filter 
has been polished under the pressure of 30 g/cm^ 
for 15 minutes, it may be polished under a pres- 
sure of 10 - 50 g/cm2 for 15 - 20 minutes. Although 

45 the first layer has been formed. 1.0 um thick, by 
epoxy resin, the film thickness of the first layer is 
not limited to this value but may be in a range of 
1.0 - 3.0 um. Light shielding film 52 may be 
formed on the side of electrode substrate 32b. 

50 Although the color filter has been used by the 

TFT liquid crystal display device of the transparent 
type in the above-described cases, it can be ap- 
plied to the other various kinds of the liquid crystal 
display devices. 

55 A variation of the second example will be de- 

scribed. This variation is shown in Fig. 5 descrip- 
tion on same parts as those of the second example 
will be omitted. 
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As seen in the second example, light shielding 
film 52 is formed cn transparent substrate 32a and 
colored layers 42a. 42b and 42c are formed ac- 
cording to the print process. Epoxy resin which 
include ex. callosolve ace-tate having a solid part *>s 
of 40% is coated, 5.0 um thick, on colored layers 
42a. 42b, 42c or light shielding fiim 52 according to 
the spin coating manner. The epoxy resin is tem- 
porarily hardened at 100* C for 10 minutes. 

Cerium oxide (CeO) powder (having a diameter ;o 
of O.a - 1.5 um and made by fy/litsui Kinzoku) is 
employed as abrasive to polish the epoxy resin 
under a pressure of 50 g/cm* for 60 minutes. The 
polishing technique here employed is intended to 
polish even s large area with little unevenness. as 75 
seen in the first example. When the epoxy resin is 
polished as described above, protruding portions of 
first layer 44 which are high in anti-abrasion are 
well polished to gradually become flat First layer 
44 is almost removed and is flatted, and the color 20 
layers portions are not exposed. But, at the pro- 
truding portion which is caused by bit dusts and 
different materials, first layer 44 Is removed and 
the colored layers are exposed. This is rare case 
and this probability is very low. That is. the polish- 25 
ing time is relatively long, but the colored layers 
are not damaged, and the first layer can be flatted. 
The first layer and the colored layers can be thus 
polished to have a flat surface, as shown in Fig. 4E. 
Then, epoxy resin is coated. 3.0 um thick, on first 30 
layer 44 tc form second layer 46. This epoxy resin 
has excellent wetting characteristic with first layer 
44, and first and second layers 44 and 46 are 
completely hardened, which enables the color filter 
to be formed, as shown in Fig. 4F. 55 

After being polished and made flat as de- ' 
scribed above, the second layer is formed, and the 
first and second layers are completely hardened to 
form the color filter. Since first layer 44 is compara- 
tively thick, the color filter can be made flat without 4o 
exposing colored layers 42a, 42b and 42c from the 
surface of first layer 44 even when polishing is 
applied to first layer 44 for about 60 minutes as 
described above. Although the polishing has been 
carried out under the condition that pressure is 50 45 
g/cm^ and that time is 60 minutes, pressure and 
time are not limited to these values, but when it is 
conducted under a pressure of 10 - 50 g/cm^ for 60 
- 90 minutes, the color filter can be formed to have 
an excellent surface, so 

Although epoxy resin has been coated 5.0 um 
thick in the case of this variation, the thickness of 
the epoxy resin may be in a range of 3.0 - 10.0 
tim. Even when first layer 44 is polished, therefore, 
colored layers 42a. 42b and 42c will not be ex- ss 
posed. This makes it unnecessary to protect col- 
ored layers 42a, 42b and 42c. In addition, fine 
matters such as dust In colored layers 42a, 42b 



and 42c are not removed from them. The surface 
of the color filter can be thus polished quite flat. 

In the case of this variation, toe. the color filter 
can be formed tc have an excellent surface, as 
described above, even when the colored layers 
which are formed according to the print process 
have not so flat surfaces. The print process and the 
like used enables the cost of the color filter :o be 
made sufficiently lower, as compared with conven- 
tional cases. In addition, transparent electrode 40 
and orientation film 38 obtained can have mors 
excellent surfaces even when transparent electrode 
40 is placed on the color filter and orienta:ion film 
38 then on transparent electrode 40. As the result, 
the liquid crystal layer can be made operative at 
the whole of it When this liquid crystal layer is 
employed, therefore, the liquid crystal display de- 
vice can display images of higher cuality. 

A third embodiment of the present invention 
will be described with reference tc the drawings. 

Fig. 6 shows the third embodiment of the 
present invention. Like the second embodiment, 
the third embodiment provides an active-matrix 
type liquid crystal display element which employs 
TFT elements as switching elements. The third 
embodiment differs from the second embodiment 
in the structure of the substrate cn which a color 
filter is formed. As for the structure of the substrate 
on which a TFT element is formed, the third em- 
bodiment is similar to the second embodiment 

Light shielding films 82 are formed on that side 
of transparent substrate 62a. which faces liquid 
crystal layer 54, at a certain interval to enhance the 
contrast of display. Each of red. green and blue 
colored layers 72a, 72b and 72c is formed between 
light shielding films 82. First layer 74 which is an 
acryl resin layer including ex. cellosolve acetate is 
formed on light shielding films 82 and colored 
layers 72a, 72b, 72c. Second layer 76 which is an 
epoxy resin layer including cellosolve acetate hav- 
ing the same solvent is formed on first layer 74 
which is of acryl resin. Convex portions of second 
layer 76 are polished smooth and flat to such an 
extent that colored layers 72a, 72b and 72c are 
exposed from layer 74 or 76 v/ithout being pol- 
ished. The color filter constructed; in this manner 
can be made flat even when colored layers 72a, 
72b and 72c have concaves and convexes. This 
makes it easy to form transparent electrode 70 or 
orientation films 82 on the color filter. In other 
words, colored layers 72a. 72b and 72c can be 
formed according to the print process. As the re- 
sult, the making of the color fitter can be made 
simpler. In addition, the color filter for use with the 
liquid crystal display device can be provided on a 
lower cost 

Although light shielding films 82 have been 
arranged on the case of the above-described the 
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glass substrate, light shielding films 82 may be 
formed after colored layers 72a. 72b and 72c are 
formed. Films 82 may be formed on the side of 
electrode substrate 62b. 

Photosensitive dyeing material 78 is coated, 
1.0 am thick, on that side of transparent substrate 
62a which faces liquid crystal layer 64. A mask is 
placed on this photosensitive dyeing materia! 78 
and ultraviolet rays are shot onto material 78 
through the mask. Photosensitive dyeing material 
78 is thus cross-linked to form latent images 80 on 
transparent substrate 62a at a certain interval, as 
shown in Fig. 7A. Photosensitive dyeing material 
78 is removed leaving latent images 80 on trans- 
parent substrate 62a. Latent images 80 are baked 
and then treated by a pigment or Black 181 (made 
by Nippon Kayaku). After dye-treated, latent im- 
ages 80 are further fixation-treated by a solution 
including tannic acid and emetic tartari, and light 
shielding films 82 are formed as shown in Fig. 7B. 

As shown in Fig. 7C, red. grsen and blue 
colored layers 72a. 72b and 72c are then succes- 
sively formed according to the print process. Col- 
ored layers 72a. 72b and 72c are fixed by baking. 
When they are fixed like this, colored layers 72a. 
72b and 72c include foreign matters or they are not 
even, have concaves and convexes which are 2.0 - 
5,0 ttm deep from their top to their bottom because 
the print process still has technical problems. 

Alkyd resin in which plural pigments as printing 
inks are mixed at a rate of 10 - 20% is used to 
provide colored layers 72a. 72b and 72c with desir- 
able spectral characteristics. 

Acryl resin including ex. cellosolve acetate is 
coated. 0.2 urn thick, on colored layers 72a. 72b, 
72c and light shielding films 32 according to the 
spin coating manner, as shown in Fig. 7D. First 
layer 74 thus formed is heated and hardened at 
ICO'C for 10 minutes. The acryl resin including 
cellosolve acetate is excellent in wetting with col- 
ored layers 72a, 72b and 72c. When another layer 
is to be formed on colored layers 722, 72b and 
72c. therefore, the adhesion between this layer and 
the colored layers can be good. 

Second layer 76 made of epoxy resin including 
cellosolve acetate having the same solvent at a 
solid part of 40% is coated. 1.0 am thick, on first 
layer 74 according to the spin coating manner, as 
shown in Fig. 7E. Second layer 76 coated on first 
layer 74 is then heated and temporarily hardened 
at lOO'c for 10 minutes. When the film thickness 
of second layer 76 is in a range of about 0.5 - 2.0 
um, the surface of the color filter can be made 
sufficiently flat even after second and first layers 76 
and 74 are polished. 

Cerium oxide (CeO) powder (having a diameter 
of 0.3 - 1.5 um and made by Mitsui Kinzoku) is 
used as abrasive and polishing is carried out under 



a pressure of 30 g/cm^ for 15 minutes, as shown in 
Fig. 7F. The polishing technique here employed is 
intended to polish even a large area with little 
unevenness. as described above. When the polish- 
5 ing is carried out under the above-mentioned con- 
dition, protrusion of second layer 76 which are high 
in anti-abrasion are well polished and gradually 
made flat. Second layer 76 is partly removed and 
the color layers are partly exposed. Colored layers 
10 72a, 72b and 72c are faster polished than second 
layer 76 is, because they are lov/er in anti-abrasion 
as compared with second layer 76. As the result, 
they can be polished to have a flat surface. After 
second layer 76 is completely hardened, ITO is 
75 attached, 200 angstroms thick, to second layer 76 
according to the sputtering manner to form trans- 
parent electrode 70. 

In the case of this embodiment, too, the color 
filter can be formed to have a flat surface accord- 
20 ing to the above-mentioned manner even when 
colored layers 72a, 72b and 72c formed according 
to the print process have surfaces which are not so 
flat. Since the print process and the like can be 
used to form the color filter, the cost of the color 
25 filter can be made sufficiently lower. Even when 
transparent electrode 70 is placed on the color 
filter and orientation film 68 then on transparent 
electrode 70. transparent electrode 70 and orienta- 
tion film 68 can be formed to have flatter surfaces, 
30 as compared with conventional ones. Liquid crystal 
layer 64 can be thus made operative at the whole 
of it and this makes it possible to provide a liquid 
crystal display device which can display images of - 
higher quality. Further, when first layer 74 is such a 
35 'thin film as described above, a no-modulated light 
will be passing through merely, and transparent 
through the color filter will not be mixed with other 
colors, as one looks askance at the display device. 
This enables the display device to have a wider 
40 coverage angle and a higher contrast of display. 

Although photosensitive dyeing material 78 has 
been coated 1.0 am thick, its thickness is not 
limited to this but when it is in a range of 0.3 - 1 .2 
am, sufficient light shielding effect can be 
45 achieved. Although the surface of the color filter 
has been polished under a pressure of 30 g/cm^ for 
15 minutes, the polishing may be carried out under 
a pressure of 10 - 50 g/cm^ for 15 - 20 minutes. 
Although the first layer has been formed 0.2 um 
so thick by acryl resin, the film thickness of the first 
layer is not limited to this value but may be smaller 
than 1.0 am. Although the first layer has been 
made of acryl resin, alkyd, polyamide and other 
resins may be used. Light shielding films 52 may 
55 be formed on the side of electrode substrate 32b. 
Although the second layer has been formed 1.0 
am thick, the film thickness of the second layer is 
not limited to this value, but when it is in a range of 
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5.0 - 10.0 um, the polishing cannot reach the color 
portions. This enables excellent transparent elec- 
trodes to be formed on the second layer. 

In variations of the third embodiment, third 
layer may be formed on the second layer. The 
third layer is selected from many kinds of material 
fitting for ITO layer. 



Claims 

1. A color filter comprising: 

a transparent substrate (2, 32a. 62a), and a trans- 
parent colored layer (4, 42, 72) arranged on the 
transparent substrate, characterized by comprising 
first and second resin layers (3a, 3b, 44, 46, 74, 
76) laminated on said color layer. 

2. A filter according to claim 1 , characterized in 
that at least one of said first and second layers is 
applied abrasion in surface. 

3. A filter according to claim 2, characterized in 
that said abraded layer has a higher anti-abrasion 
than that of the color layer. 

4. A filter according to claim 2, characterized in 
that part of said color layer is covered with said 
abraded layer. 

5. A filter according to claim 2. characterized in 
that all of said color layer is covered with said 
abraded layer. 

6. A filter according to claim 2, characterized in 
that said abraded layer is said first layer. 

7. A filter according to claim 2, characterized in 
that said abraded layer is said second layer. 

8. A filter according to claim 7, characterized in 
that a third resin layer is provided on said abraded 
layer. 

9. A filter according to claim 1 , characterized in 
that said first layer is acryl resin, and said second 
layer is epoxy resin. 

10. A filter according to claim 3. characterized 
in that said abraded layer is one of epoxy resin, 
polyimide resin, polyamide resin, silicon resin, and 
these resins of compound. 

11. A filter according to claim 7, characterized 
in that said first layer is one of acryl resin, alkyd 
resin, and polyamide resin. 

12. A liquid crystal display device comprising: 
a first substrate (1 , 30, 60) having a transparent 
substrate (2, 32a. 62a), 

a color filter, and a first electrode {5, 40, 70), and 
the filter and the electrode are provided on the 
substrate, a second substrate having a second 
electrode (12, 36. 66), a liquid crystal component 
(16, 34, 64) sandwiched between the first and sec- 
ond substrates, means for supplying the predeter- 
mined voltage to said first and second electrodes; 
characterized in that said color filter has a transpar- 
ent colored layer (4, 42. 72) and plural resin layers 



(3a, 3b. 44, 46, 74, 76} laminated on the colored 
layer. 

13. A method of manufacturing the color filter 
comprising a step of forming a transparent colored 

^-s layer (4. 42. 72) on a transparent substrate (2, 32a, 
62a) by printing, characterized by comprising a 
step of forming plural resin layers (3a, 3b. 44, 46, 
74, 75) on said colored layer. 

14. A method of manufacturing the color filter 
70 according to claim 13. characterized in that said 

step of forming plural resin layers has a step of 
forming plural resin layers according to the spin 
coating manner. 

15. A methbd.^of manufacturing the color filter 
75 according to claim ""l 3, characterized in that said 

step of forming plural resin layers has a step cf 
forming a resin layer to be applied abrasion in 
surface and a step of applying abrasion to the 
surface of the resin layer. 

20 16. A method of manufacturing the color filter 

according to claim 15, characterized in that said 
step of forming the resin layer to be applied abra- 
sion has a step of forming a resin layer having a 
higher anti-abrasion than that of said color layer. 

25 17. A method of manufacturing the color filter 

according to claim 15, characterized in that said 
step of applying abrasion to the surface of the resin 
layer is a step of applying grain abrasion to the 
resin layer. 

30 18. A method of manufacturing the color filter 

according to claim 17, characterized in that said 
step of applying abrasion to the surface of the resin 
layer is a step of applying grain abrasion to the 
resin layer by polishing. 

35 19. A method of manufacturing the color filter 

according to claim 15. characterized in that said 
step of forming the resin layer to be applied abra- 
sion has a step of coating a resin and a step of 
hardening the resin temporarily, and the method 

40 further comprises a step cf hardening the resin 
completely after said step of applying abrasion to 
the resin layer. 

20. A method of manufacturing the color filter 
according to claim 13, characterized in that said 

45 step of forming plural resin layers has a step of 
forming first and second resin layers, and the first 
and second resin layers has the same solvent. 

21. A method of manufacturing the color filter 
according to claim 20, characterized In that said 

50 step of forming the first resin layer Is a step of 
forming a acryl resin layer, and said step of for- 
ming the second region layer is a step of forming a 
epoxy region layer. 

22. A method of manufacturing the color filter 
55 according to claim 21, characterized in that said 

solvent is ceifosolve acetate. 

23. A method of manufacturing the color filter 
according to claim 13, characterized in that said 
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step of forming plural resin layers has steps of 
forming a ffrst resin layer, forming a second resin 
layer to be applied abrasion to the surface on the 
first resin layer, and applying abrasion to the sur- 
face of the second resin layer. 

24. A method of manufacturing the color filter 
according to claim 13, characterized in that said 
step of forming plural resin layers has steps of 
forming a first resin layer, applying abrasion to the 
surface of the first resin layer, and forming a sec- 
ond resin layer on the first resin layer after the 
applying step. 
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